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ed from alkyi and substituted alkyl, which may be branched or unbranched; and Q is a phosphate protecting group; Z is 
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NUCLEOSIDE DERIVATIVES 

The present invention relates to nucleoside 
derivatives, methods for their synthesis / and methods 
for the synthesis and sequencing of polynucleotides 
utilizing such nucleoside derivatives!. 
5 [NOTE: References cited herein are collected at 

the end of the specification.] 
DNA, synthetic oligonucleotides and RNA labelled 
with identifiable markers have found wide application 
in molecular biology. 

32 35 

10 Radioactive labels, such as ^ P and S have 

been almost exclusively used in molecular biological 
procedures. Radioactive labels have the 
disadvantage, however/ that their half life is 

32 

relatively short (for example, the half life of P 
15 is 14 days) and that the ionizing radiation emitted 
during their decay is capable of damaging cellular 
components such as proteins, lipids and nucleic 
acids, which may result in cell death, or 
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transformation of cells to malignant forms* 

It has been proposed to label nucleotides or 

oligonucleotides with non-radioactive markers such as 

f luorophores/ colloidal compoands and enzymes. 

5 In one proposed approach"'', oligonucleotides 

containing a reactive amino group at the 5* end were 

prepared* Fluoropliores or other non-radioactive 

markers were then attached to the amino group to 

produce an oligonucleotide incorporating a detectable 

10 marker. Such an approach has the disadvantage that 

only a single detectable marker can be introduced 

into the oligonucleotide chain through its 5* end. 

2-5 

In another proposal / C-5 substituted 
deoxyuridine compounds have been prepared, which have 

15 . an amino group at the far end of the C-5 

substituent. Such compounds may be labelled with a 
detectable marker and may be incorporated into an 
oligonucleotide chain, thereby allowing an 
oligonucleotide to be labelled at multiple sites. 

20 The preparation of these compounds is difficult and 
involves reactions using highly toxic mercury 
derivatives • 

There is thus a need for nucleoside derivatives 
which may be used in the production of 
25 non-isotopically labelled polynucleo sides, and which 
may be simply and safely prepared. 

According to the present invention there is 
provided a nucleoside derivative of the formula (I) : 

30 . 
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(I) 



ZO 1 .0. 



10 

characterized in that; 

Y is H or OH or a protected hydroxy group; 
X is H, a phosphonate group or a 

phosphoraniidite group of the formula 
15 . r1 

P — N 

ho ^H^" 

1 2 

where R and R are the same or 
different, and are selected from alkyl 
20 and substituted alkyl, which may be 

branched or unbranched; and Q is a 
phosphate protecting group; 
Z is H a phosphate or triphosphate group 
or a hydroxy protecting group; 
25 X" is a ^5 alkyl group which may be 

branched or unbranched; 
R is an amino protecting group or a 

fluorophore, or other non-radioactive 
detectable marker; or the group Y'NHA, 
where Y* is an alkyl (^i^^q) carbonyl 
group which may be branched or 
unbranched, and A is an amino protecting 
group or a fluorophore or other 
non-radioactive detectable marker. 



30 
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For ease of discussioiir Figure 1# which depicts 
one preferred compound in accordance with the 
iventioh/ also shows the numbering system used in 
this specification for the C-5 substituted 
5 nucleosides. 

We have found that C-5 substituted uridine and 

deoxyuridine, having a primary aliphatic amino group 

attached to, or capable of attachment to, a 

non-radioactive label, can be readily prepared under 

10 mild conditions, using a palladium catalysed C-C bond 

forming reaction between an aminoalkyne and 

5-iodouridine or 5-iododeoxyuridine derivatives, 

R and R may each contain from 1 to 30 

1 2 

carbon atoms. Preferably/ R and R are both 

1 2 

15 isopropyl groups. Where R and/or R are 

substituted alkyl, the nature of the substituents is 
unimportant providing the substituents do not 
interfere with the desired properties of the compound 
or have other deleterious effects. For example, the 

20 substituents may be selected from phenyl, benzyl and 
acyl groups. 

Q may be any phosphate protecting group such as 
methyl, phenyl, substituted phenyl, benzyl or 
cyanoethyl groups* For example, phenyl may be 

25 substituted with halogen, hydroxy or nitro groups. 
Any hydros protecting group, such as those 
described fay Greene^, may be employed. For 
example, hydroxy protecting groups may be selected 
from acyl such as substituted or unsubstituted 

3 0 aikanoyl (e.g. formyl, acetyl > propionyl, butyryl, 
isobutyryl , valeryl , bromo acetyl , dichloro acetyl , 
trif luoroacetyl) , substituted or unsubstituted aroyl 
(e.gw benzoyl, taluoyl, xyloyl, nitrofaenzoyl, 
bromofaenzoyl, salicyloyl) , arylalkyl (e.g- benzyl) ^ 
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methyl, raethoxy, methylthiomethyl, 2-methoxyethoxy- 
methyl/ bis(2-chloroethoxy)methyl^ tetrahydropyranyl, 
tetrahydrothiopyranyl, 4-methoxytetrahydropyranyl/ 
4-methoxytet rahydrothiopyranyl , tetr ahydrof uranyl , 
5 tetrahydrothiof uranyl, 1-ethoxyethyl, l-methyl-l- 
methoxyethyl 2-(phenylselenyl)ethyl/ t-butyl, allyl/ 
benzyl, o-nitrobenzyl/. trlphenylmethyl/ a-naphthyl- 
diphenylmethyl , p-methoxyphenyldiphenylmethyl , 
9-(9-phenyl-10-oxo)anthryl (Tritylone) , dimethoxy 
10 trityl or pixyl, trimethylsilyl, isopropyldi- 
methylsilyl/ t-butyldi- methyls ilyl, t-butyl- 
diphenylsilyl/ tribenzylsilyl, triisopropylsilyl . 

Any amino protecting group such as those 
described by Greene^/ may be employed. For 
15 example, amino protecting groups may be selected from 
acyl/ particularly organic acyl, for example/ 
substituted or unsubstituted aliphatic hydrocarbon- 
oxycarbonyl such as 

alkoxycarbonyl (e-g. methoxycarbonyl, 
20 ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, 
t-butoxycarbonyl , 5-pentoxycarbonyl) , 

haloalkoxycarbonyl (e.g* chloromethoxycarbonyl, 
tribromoethoxycarbonyl, trichloroethoxycarbonyl) , 

an alkane- or arene- sulf onylalkoxycarbonyl (e.g. 
25 2- (mesy 1 ) ethoxycarbonyl , 2- ( p-to luenesulonyl ) - 
ethoxycarbonyl) , 

an alkylthio- or arylthioalkoxycarbonyl (e.g. 2- 
(ethylthio) ethoxycarbonyl, 2- (p-tolylthio) ethoxy- 
carbonyl,), substituted or unsubstituted alkanoyl 
30 such as halo (lower) alkanoyl (e.g. formyl, 
trif luoroacetyl) , 

a monocyclic or f usedcyclic-alicyclic oxycarbonyl 
(e.g. cyclohexyloxycarbonyl , adamantyloxycarbonyl, 
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isobornyloxycart3onyl) , 

substituted or unsubstituted alkenyloxycarbonyl 
(e.g* allyoxycarbonyl) / 

substituted or unsubstituted alkynyloxycarbonyl 
5 (e.g. 1 , 1-dimethy Ipropargyloxycarbonyl ) , 

substituted or unsubstituted arylozycarbonyl 
(e.g. phenoxycarbony 1 / p-inethylphenoxycarbonyl) , 

substituted or unsubstituted aralkoxycarbonyl 
(e.g. benzyloxycarbonyl/^ p-nitrobenzyloxycarbbnyl, 
10 p-phenylazobenzsyloxycarbonyl, p-(p-raethoxyphenyla2;o)- 
benzyloxycarbonyl, p-chlorobenzylozycarbonylj. 
p-bromobenzyloxycarbonyl , a-naphthy Imethoxycar- 
bonyl , p-biphenylisopropoxycarbonyl / f luorenymethoxy- 
carbonyl) , 

15 substituted or unsubstituted arenesulfonyl (e.g. 
benzenesulfonyl, p-toluenesulf onyl) , 

substituted or unsubstituted dialkylphosphoryl 
(e.g. dimethylphosphoryl) , 

substituted or unsubstituted diaralkylphosphoryl 
20 (e.g. 0,0-dibenzylphosphoryl) ^ 

substituted or unsubstituted aryloxyalkahoyl 
(e.g. phenoxyacetyl/ p-chlorophenoxyacetyl, 
2-nit rophenoxyacetyl/ 2-iaethyl-2- (2-'nitro- 
phenoxy) propyonyl) 
25 substituted or unsubstituted aryl such as phenyl, 

tolyl; 

substituted or unsubstituted aralkyl such as 
benzyl/ diphenylmethyl, trityl or nitrobenzyl. 

The term "f luorophore" refers to a moiety which 
30 in itself is capable of fluoresence or which confers 
fluoresence on another moiety. As used in this 
specification the term "f luorophore" also refers to a 
fluorophore precursor which contains one or more 
groups which suppress fluoresence/ but which is 
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substances have the followiag spectroscopic 
properties : 

(i) an excitation maximtun coinciding with one of 
the strong eiomission lines of the 

5 commercially used high pressure mercury 

lamps; 

(ii) an emmission maximum in the visible part of 
the spectrum. 

Non-^radioactive detectable markers include 

10 entities which may be detected directly by their 

physical properties^ such as electron dense materials 
which can be detected under a microscope; or entities 
which may be detected indirectly by their chemical or 
biochemical properties / such as by the reaction of 

i5 the detectabler marker with a suitable substrate(s) 
to produce a detectable signal, such as colour. 
Examples of non-radioactive detectable markers which 
may be detected directly includes colloidal compounds 
such as colloidal gold and silver, and ferritin, 

^0 Examples of non-radioactive detectable markers which 
may be detected indirectly Include biotin# avidin and 
enzymes such as p^galactosidase, urease, peroxidase - 
and alkaline phosphatase » 
X' is preferably CH^ 

25 R is preferably ^^(^^2^ 2^-15 ^ more 

preferably GO(CH2)5A. 
Particularly preferred compounds of formula (I) 
have the following substituents: 
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X' 



O 
I 



DH 



^P^ DMTr CHj CH-(CH2>5NHA 



CH^O N 



H "V DMTr 

OH H DMTr Caij 

H H Triphosphate cai^ 

where the group A is as defined above, and DMTr 
10 refers to diroethoacy trityl, and D la a hydroxy 
protecting group. 

The compounds of the formula (I) may be prepared 
by reacting a 5-iodouridine or S-iododeoxyuridine of 
the formula: 

15 



20 

ox y 



Wherein X and Z are as previously defined in 
claim 1; 

25 with an aminoalkyne having the formula H-C=CX*NR, 
where X* and R are as previously defined^ in the 
presence of a palladium catalyst. 

More particularly^ compounds of the formula (I) 
may be prepared according to the following steps: 

30 

(A) Reacting a compound of the formula (1); 



<;iJaSTf7UTE SHEET 
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<> 



5 




(1) 



BO X 



Where B and B' are hydroxy protecting groups which 
may be the same or different^ and Y is as previously 
10 defined; 

with H-CEC-X*NR^ where X' and R are as defined 
previously/ in the presence of {Ph2P)2 
PdCl^ and Cul, at room temperature to form: 



15 




(2) 



BO Y 



20 



(B) 



Removing the protecting groups B and B*from 
compounds of the formula (2) to form: 




0 



25 



(3) 



30 



Compounds of formula (3) may be converted into . 
other compounds, in accordance with the invention, by 
further reactions. 
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(C) Compound (3) may be reacted with a compound 

of the formula B"A*, where B" is a 
protecting group such as any derivative of 
the trityl group, and A' is a leaving group 
5 to form; 



10 




15 (D) Compound (4) may be reacted with a compound 

of the formula XR*, where R* is a leaving 
group and X is as previously defined, to 
form: 



20 




(E) Compound (5) may be reacted with, for 

example, either an acid or base depending on 
whether protecting group B" is acid or base 
30 labile to effect removal of the group B", 

and then reacted with POCl^ in the 
presence of triethylphosphate to form: 



12/02/2003, EAST Version: 1.4.1 



wo 8S/10264 



PCT/AU88/00207 



- 12 - 



o 




10 

(F) Compouncl (6) may be reacted first with 

carbonyldiimidazole and then with 
tris(tetra- butyl ammonium) pyrosphate or 
tributylamraonium- pyrophosphate to form: 




ox y 



Compound (7) which is one of a preferred class of 
25 compounds of the invention may/ by virtue of its 
5 'triphosphate group be purified by ion-exchange 
Chromatography/ reverse phase chromatography or 
cellulose chromatography. 

Any conventional leaving group R' may be employed 
30 in the above reaction (D) ^ Examples of such groups 
are CI./ Br, 1/ p-nitrophenyloxy/ pentaf luoropheixyloxy 
and diisopropylamino^. B" may be the same as B and B' 
or different. B" may be selectively introduced to 
the 5'hydroxyl using standard techniques known pet se 
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in the art. 

The chain length of the C-5 substituent of 
compounds of the formula (2) , where R is an amino 
protecting group such as BOC, may be extended by 
5 treatment with acid to remove the group R, followed 
by reaction with an active ester of the type 

10 where R is an amino protecting group # n is from 1 to 
50 and E is a good leaving group (known per se in the 
art) such as p-nitrophenyloxy or 
pentaf luorophenyloxy/ in the presence of 
(l,8-diazacyclo[4-4 .0]undec-7-ene) DBU to form 



15 



20 




(CH2)n-NH BOC 



This process may be carried out as many times as 
25 desired to increase the chain length of the carbon 5 
substituent. 

As the skilled person will readily appreciate, in 
compounds of the formula (I) where the groups R or A 
are an amino protecting group, such as BOC; the 
30 protective group may be removed under appropriate 
conditions, and a fluorophore or other 
non-radioactive marker reacted with the free amino 
group, thereby producing a nucleoside derivative 
which is labelled with a fluorophore or other 
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10 



non-radioactive marker • 

Polynucleotides may be prepared using compounds 
of the formula (I), 

According to another aspect of the invention^ 
there is provided s polynucleotide ^ characterized in 
that it contains one or more nucleotide units of the 
formula (III) 




(III) 



15 



wherein X* , Y and R are as previously defined • 

The nucieot:ide unit (III) depicts a compound of 
20 the formula (I) incorporated in a polynucleotide 
chain. 

Compounds of the formula (I) may be incorporated 

into cDNA^ synthetic oligonucleotides and RNA using 

7 8—3-2 
Standard procedures ' . • 

25 According to a further aspect of the invention 
there is provided a method for the synthesis of a 
polynucleotide wherein individual nucleotides or 
groups of nucleotides are sequentially attached to a 
growing nucleotide chain, characterized in that at 

30 least one of the nucleotides is a nucleoside 

derivative of the formula (I) as previously defined^ 
More particularly, polynucleotides which contain 
one or more nucleotide derivatives of the formula 
(III) may be -prepared by reacting together; 
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(a) a first polynucleotide; 

(b) a second polynucleotide which hybridises to 
a portion of the first polynucleotide; 

(c) one or more nucleotide triphosphates; 
5 (d) a DNA polymerase or RNA polymerase; 

whereby a polynucleotide is synthesised from the 
3* end of said second polynucleotide/ characterised 
in that at least one of said nucleotide triphosphates 
is a nucleoside derivative of the formula (I) wherein 

10 Z is triphosphate and X is hydrogen* 

Polynucleotides which contain one or more 
nucleoside derivatives may also be prepared, in 
accordance with another aspect of the invention^ by 
sequentially coupling nucleotides together through 

15 their respective 5' and 3' ends, characterised in 

that at least one of said nucleotides is a nucleoside 
derivative of the formula (I) wherein X is selected 
from phosphonate or a group of the formula 

20 P — N ^ 

> \ 2 

wherein R"^, R^ and Q are as previously defined. 

Compounds of the formula (I) may be incorporated 

into synthetic oligonucleotides using standard 

19 

25 phosphotriester chemistry . 

For incorporation into RNA, the compounds of the 
formula (1) have a 5' triphosphate group, and 
hydroxyl groups at the 3* and 2' positions. 

Polynucleotides labelled at multiple sites may be 
30 produced according to one aspect of the invention. 
The effect of multiple labelling is advantageous, as 
the read-out signal is enhanced over that produced by 
polynucleotides labelled at a single position. 
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Where nucleoside deriv^atives of the formula (I) 
do not contain a fluorophore or non-radioactive 
detectable marker prior to incorporation into a 
polynucleotide, a detectable label may be 
5 subsequently introduced into the formed 

polynucleotide. For example, this may be done by 
removing a protecting group masking the aliphatic 
amino group on the C-5 substituent, and then reacting 
the thus produced amino groups with a fluorophore 

10 such as f luoroscein-5-isothiocyanate. 

Nucleosides containing non-fluorescent 
fluorophore analogues (fluorophore precursors) may be 
used in the preparation of polynucleotides* The use 
of fluorophore precursors avoid the P9ssibility of 

15 fluorophore bleaching during the chemical 

manipulations necessary for the preparation of 
polynucleotides* Under appropriate conditions (for 
example, ammonia treatment) those groups on a 
fluorophore precursor which suppress fluoresence may 

20 be removed thus converting the fluorophore precursor 
to a f lourescent form. By way of example, a reaction 
scheme for the preparation of a nucleoside derivative 
of the formula (I) containing a non-fluorescent 
analogue of fluorescein is shown in Figure 2. The 



25 resultant compound B of Figure 2 has the following 
formula : ^ 
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Compound B will fluoresce on removal of the 
iso-butyryl groups following ammonia treatments 

Compound B may be used in oligonucleotide 
synthesis (in a protected 5*, 3' phosphoramidite 
5 form) or cDNA synthesis (in a 5 ' triphosphate form). 
A uridine analogue of the compound B may be used in 
RNA synthesis with T7 polymerase*'*^ or SP6 

12 

polymerase 

The compounds of the present invention are useful 
10 in molecular biological techniques which normally 
utilise isotopically labelled probes. Such 
techniques include DNA and RNA hybridizations such as 
dot blots. Southern blots / hybridization 
histochemistry. Northern blots and plaque 
15 hybridizations. 

The nucleoside derivatives of the formula (I) or 
polydeoxynucleotides incorporating such nucleoside 
derivatives may be used in DNA sequencing reactions. 
According to another aspect of the invention/ 
20 there is provided a method of sequencing DNA which 
comprises the steps of: 

(a) providing a first reaction mixture 
comprising: 

(i) a polydeoxynucleotide; 
25 (ii) a polydeoxynucleotide primer capable of 

hybridizing to part of the polydeozynucleotide (i); 

(iii) dATP, dGTP, dCTP, dTTP; 

(iv) ddATP; 

(v) a DNA polymerase or the Klenow fragment of DNA 
3 0 polymerase; 

(b) providing a second reaction mixture which is 
the same as said first reaction mixture, except that 
the ddATP is replaced with ddGTP; 

(c) providing a third reaction mixture which is 
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the same as the said first reaction mixture except 
that ddATP is replaced with ddCTP; 

(d) providing a fourth reaction mixture which is 
the same as the said first reaction mixture except 

5 that the ddATP is replaced with ddTTP; . 

(e) separately incubating the said reaction 
mixtures to extend in each case the 

polydeoxynucleotide primer from its 3' end to produce 
polydeoxynucleotides of different lengths, the number 
10 of nucleotides in each thereby newly synthes.ised 

polynucleotide being determined - by the incorporation 
of a dideoxynucleotide into the growing chain;. 

(f) fractionating reaction mixtures (a) to (d) 
by passage through a gel matrix; 

15 characterized in that the polydeoxynucleotide 
primer (ii) is a polydeoxynucleotide containing one 
or more nucleotide units of the formula (III) as 
previously described wherein R and A is a 
f luorophore, or other non-radioactive detectable 

20 marker, and/or each said reaction mixture contains a 
nucleoside derivative of the formula (I) , wherein Z 
is triphosphate, X is hydrogeti/ and R or A is a 
fluorophore, or other detectable marker; whereby the 
fluorophore, or other non-radioactive detectable 

25 marker, is incorporated into each newly synthesized 
po lydeoxynucleot ide ; 

and that the relative positions of the newly 
synthesized polydeoxynucleotides separated on the gel 
matrix are identified by detection of the 

30 fluorophore, or other non-radioactive detectable 
marker, carried by the newly synthesized 
polydeoxynucleotide, thus allowing the DNA sequence 
of the first poiynucleotide to be elucidated. 

The newly synthesized polynucleotides of step (e) 
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hr exposure; E, multi-labelled probe/ lowest 
s t r ingency , 16 hr exp o sure ; 

FIGURE 7 shows dot blot hybridization assays with 
the long C-5 arm f luorescently labelled kallikrein 

32 

5 probe • The probes were P end-labelled and 
hybridized under conditions o£ high stringency. 
Exposure times for the auto radiographs were 4 hr. 
normal probe; singly labelled probe; C, 
multi-labelled probe; and 
10 FIGURE 8 shows dot blot hybridization assays with 

32 

the P end-labelledr singly fluorescent labelled 
kallikrein probes to three different RNA species. 
Hybridizations were carried out under conditions of 
intermediate stringency and exposure time for the 
15 autoradiographs was 16 hr. A, $hort C-5 arm probe; 
B/ long C-5 arm probe. 

MATERIALS AND METHODS 

5-Iododeoxyuridirte and fluorescein isothiocyanate 
(FITC) were obtained from Sigma Chemical Company. 
20 "^H NMR spectra were run on either of JEOL FX90Q at 

90 MHz, a JEOL FXlOO at 100 HORz, or a BRUKER 300 at 

13 

300 MHz. C NMR spectra were run on either a JEOL 

FX90Q operating at 22.5 mz, a JEOL FXlOO at 25 MHz, 

or a BRUKER 3O0 at 75 MHz. Multiplicities, where 

25 observed, were measured by the single frequency off 

resonance (SFOR) method in the case of the JEOL FX9GQ 

or FXlQOr and on the BRUKER 30O by using the DEPT 

pulse sequence. The nucleoside numbering system used 

in the NMR analysis is shown in the case of the 

31 

30 parent nucleoside m Figure 1. P NMR spectra 
were obtained with a BRUKER 30O, operating. at 121 
MHz^ and measuring downfield from 85% H^PO^ as; 
external reference, downfield values being positive. 
Microanalyses were determined by the Australian 
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Microanalytical Service^ Melbourne. Pyridine was 
distilled from potassium hydroxide/ and stored over 
5A molecular sieves. Acetonitrile and methanol were 
dried over 3A molecular sieves. Triethylamine was 
5 distilled from calcium hydride and stored under 
argon. Dichloromethane used in phosphor amidite 
syntheses was dried over 5A molecular sieves. 
Tetrazole was sublimed at 0.05 xmnHg at llO^'C. 
Diisopropylamine was distilled from calcium hydride 

10 and stored over 3A molecular sieves. Thin layer 
chromatography (tic) was carried out on Merck 
analytical silica gel plates (Merck No. 5735) using 
the following solvent systems: SI, CH^Cl^/MeOH 
(90:10 v/v), S2r CH2Cl2/MeOH (98:2 v/v) or S3, 

15 CH2Cl2/EtOAc/Et2N (45:45:10 v/v). Melting 

points were determined in open ended capillaries on 

an Electrothermal Melting Point Apparatus. 

EXAMPLE 1: S3rnthesis of Nucleoside Analogues 

3 ' , 5 * -Di>0-p->toluoYl-5--iQdodeoxyuridine ( 1 ) : 

20 The title compound was prepared by a modification 

18 

of the method of Robins et al, using 5-iododeoxy- 
uridine instead of deozyurldlne/ in 92% yield, mp 
205-206*C (lit-""^ 195^196). ■''^C NMR (CDCI3, 25 
MHz) 6 21.7 (CH3), 38.7 (C^2'), 64.1 (C-5*), 69.0 

25 (C-5). 74.9 (C-3*), 83.4 (C-1'), 85.8 (C-4'), 126.1, 
126.4 (tol C-1), 129.3, 129.5, 129.8 (tol C-2, C-3 , 
C-S and C-6), 143.6 (C-6) ; 144.6 (tol C-4) 149.2 
(C-2), 159.7 (C-.4), 166.0 (tol C-0) . 

3-tert-Butvloxycarbonvlamidopropyne: 

30 To 200 mL of CH^Cl^ was added 2.75 g (50 

mmol) of S-aminopropyne, followed by 10.92 g (50 
mmol) of di-tert-butylpyrocarbonats. After stirring 
for 3 h, the reaction mixture was evaporated to a 
syrup, and kept at -20*'C to crystallize. The product 
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was filtered of£, washed with hexaiie a^d dried to 
give 5.34 g (69%) , mp 42-44°C (lit" mp 43«»C). 
-■-H WMR (CDCl^, 90 MHz) S 1-46 (9H, CH3), 
2.21 (IH, t, J-2,6 Hz, C=CH)/ 3,91 (2H, dd, J«2.6 Hz 
5 and 3*5 Hz^ CH^) 4.68 (IH, br s, NH) . ''•^C HMR 
(CDCI3, 22.5 MHz) 6 28.4 (CH3) , 30^6 (CHj) . 
71.2 (C-1), 80.1 (CCCHg)^). 80.2 (0-2), 155.3 
(C«0.). 

S-f3^tert^ButvloxvcarbonylamidODrOP-l-Yiiyl>-3 ' >5 

10 di-O-p-^toluoyldeoxvurldine (2) : * 

To 500 mL of deoxygenated ethyl acetate was added 

5.90 g (10 romol) of 3 ' ^5 •-di-O-p-toluoyl-S-iododeoxy- 

uridine (i) , followed by 3.10 g (20 mmol) of 

N-BOC-3-aminopropyne, 150 mg of (Ph2P)2PdCl2/ 

15 150 mg of Cul. and 6.7 mL of triethylamine (50 mraol) . 

The resulting suspension was stirred at room 

temperature, and the reaction followed by tic (S2). 

After 90 fa, the starting material had 

• disappeared, A further 20O mL of ethyl acetate was 

20 then added, and the resulting solution was washed 

with 5% di sodium EDTA/HjO (2 x 300 mL) ^ U^O (300 

mL) and brine (300 mL) ^ It was then dried 

(NajSO^)^ the solvent evaporated, and the residue 

redissolved in 15 mL of solvent S3 and purified by 

13 

25 flash chromatography using the same solvent, 

yield 5.08 g (84%). A sample was recrystallized from 

CHCl^/MeOH 1:5 to give 2 : mp 169.5 - 170.5^C. 

UV(MeOH) X^,^ 290 (sh), 283,237 nm (e 11800, 
max 1 

12400, 39800), X^^^^^ 263 nm (e 5900). H NMR 
30 (CDCIg, 90 MHz) S 1.44 {9H, s, CCCH^)^), 2.42 
(6H, s, tol CHj)/ 2,7 (2H. m, ' ) , 3.97 (2H, d, 
J=5.1 Hz, Hg), 4.6-4.7 (4H, m, H^', ' and BOC 
NH), 5.6 (IH, m, H3 ' ) , 6.4 (IH, ru, H^'), 7.26 
- (4H, d, J=8.1 Hz, tol H_ and H-.), 9.16 (IH, m. 
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Hg'), 6.4 (IH, m, H^'), 7.26 (4H, d, J=»8.1 Hz, 
tol H3 and Hg), 9.16 (IH, s, ring NH) . •'•^C NMR 
(CDCI3, 22.5 MHz) 5 21.7 (q, tol CH3), 28.4 (q, 
C(£H3)3), 31.4 (t, C-9), 38.6 (t, C-2 ' ) , 64.1 (t, 
5 C-5'), 73.8 (s, C-8), 74.9 (d, C-3 ' ) , 80.0 (S, 
£(CH3)3, 83.4 (d, C-1'), 86.1 (d, C-4 ' ) , 90.3 (s, 
C_7>, 100.2 (s, C-5), 126.4 and 126.6 (2s, tol C-1) , 
129.3 - 129.9 (4S, tol C-2, C-3. C-5 and C-6), 141.9 
(d, C-6), 144.5 (S, tol C-4), 149.2 (s, C-2), 155.3 
10 <s, BOC C«0), 161.7 (S, C-4), 166.04 and 166.15 (2s 
tol C»0). Anal. Calcd for CggHg^OgNj: C, 
64.17; H, 5.71; N, 6.80. Found: C, 63.94: H, 5. 52; 
N, 6.55. 

s- f ^-hert-Bu tvloxvcarbonYlamidoprop-l-YnYl ) -5 ' -Q- 

15 fjimethoxy tritvldeoxvuridine (5): 

To a stirred suspension of 304 mg (2.2 nunol) of 
dry K2CO3 in 5 mL of dry methanol was added 617 
mg (1 nunol) of 2. After 1.5 h the reaction mixture 
then filtered, and the filtrate neutralized with 

20 Dowex 50-X8(H'''), the resin filtered off, and the 
filtrate evaporated to dryness to give A. The 
product was thoroughly dried by coevaporation with 
dry pyridine (3x5 mL) and redissolved in 5 mL of 
dry pyridine. 406 mg (1.2 nunol) of 4 , 4 ' -dimethoxy- 

25 trityl chloride was added, and the mixture was 

stirred for 4 h at room temperature, after which time 
the reaction was judged complete by tic (SI) , 2 mL 
of MeOH was added, the solution was stirred for a 
further 10 rain, evaporated, redissolved in 30 mL of 

30 dichloromethane, washed with 10% NaHC03/H20 (30 
mL), brine (30 mL) , and dried (Ua^SO^) . The 
solvent was again evaporated and the product 
redissolved in 5 mL of CH2CI2 and purified by 
flash chromatography, eluting first with 300 mL of 2% 
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MeOH/CH2Cl2 and then with 10% MeOH, CH2CI2. 
The fractions containing the procluct were pooled and 
evaporated to dryness to give 468 mg (68% from 2) of 
5.. UV(MeOH) \^ 294(sh)V 283, 231 nm (e 6100, 
5 6800 r 21500), Xj^^ 257 nm (2500). H NMR 

(CDCI3, 100 MHz) 5 1,39 (9H, s, BOC CH^), 2.4 . 
(2H, m, H^'), 3.38 (2H, H^'), 3.78 (8H/ 
OCHj plus Hg), 4.1 (IH, m, H^')^ 4.6 (3H, m, 
Hj' + BOCNH), 6,32 (IH, t, H^'), 6.80, 6.89 (4H, 

10 a, J-9.0 Hz, meta CH of PhOCH^)/ 7.2-7.5 (9H, m, 

including a doublet at 7.29, 7.34 (J=9.0 Hz) of ortho 
cH of PhOCH^, and Ph), 8.11 (IH, s, H6>. Anal. 
Galcd for CggH^j^OgNj: C, 66.75; H, 6.04; N, 
6.15. Found: C, 66.89? H, 5.82; H, 6.00. 

15 The nucleoside 4 was also purified by flash 
chromatography (20% MeOH/CH2Cl2 as eluant) of. the 
crude reaction mixture from the deprotecfcion 
reaction, after filtration of the potassium 
carbonate. This gave 4,, "^H NMR (dg-DMSO, 100 

20 MHz) 5 1.39 (9H, S, CH3) , 2.1 (2H, m, H2')/ 

3.35 (6H, s, 2 molecules of methanol present in the 
sample), 3.6 (2H, m, H^*), 3.8 (IH, m, H^'), 3.93 
(2H, d, J-S.9 Hz, Hg), 4.2 (IH, m, H^'), 5.10 
(IH, t, J«5 Hz, 5' -OH), 2.25 (IH, d, J=4 Hz^ 3 '-OH), 

25 6,11 (IH, t, J-6.6 Hz, H^^'), 8.14 (IH, s, ring NH) ; 
UV (MeOH) X„^^ 290, 231 nm (e 12900, 18200), 
X 254 nm (e 4200), at 260 nm, e = 5800 

5-(3-tert-BntvlbxycarbQnvlamidQprQD-^l^vnvl\ -5 ' -Q-> 
30 di-methoxy±ritYl-3 * -N . N-di isapropYlaminom&thQxYphos- 
phiiiyl-deoxyuridine (7\ : 

To an argon flushed 25 raL round bottomed flask 
was added a solution of 243 mg (0.5 iiimol) of 5./ in 5 
niL of dry CH2.CI2- This was followed by 17.5 mg 
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(0,25 mmol) of tetrazole and 25 liL (0.25 nrniole) of 

dry diisopropylamine. The solution was stirred until 

the tetrazole dissolved- 300 iJiL (1.1 nimol) of 

17 

bis(diisopropylamino)methoxyphosphine £ was then 
5 added, and the reaction followed by tic (S3). After 
5 h, the reaction mixture was washed with 10% 
NaHCO^/HjO (2 x 25 rtiL) , brine (2 x 25 mL) , and 
dried (Na2S0^). The solvent was evaporated to 
give 392 mg (93% crude yield) of 7. The NMR 

10 spectrum of this material showed a major peak 

comprised of a doublet at 150.19 and 150.45 ppm and 
minor peaks at 4.23 and 10.41 ppm. These by-products 
do not interfere with the coupling reaction. 

Some of this material was purified by flash 

15 chromatography (S3). -""H NMR (CDgCN, 100 MHz) 6 
1.13 (12 H, 2d, J»6.5 Hz, CH(CH3)2). 1-38 (9H, s, 
BOC CH^)/ 2.4 (2H, m, H2 ' ) / 3 , 2 3 . 5 ( 5H, m 
containing 2d (J«13.3 Hz, PCH^) and H^'), 3.5 
(2H, m, CH(CH3)2)/ 3.7-3.8 (8H, m containing one 

20 strong singlet at 3.77 (trityl OCH3) and R^) , 4.1 
(IH, m, H^'), 4.6 (IH, m, H3 • ) . 6.1 (IH, dt, 
H^'), 6-8-7.5 (13H, m, trityl CH) , 7.90 and 7.91 

(IH, 2s, Kg). 

5-(3-AminoDrop--l-ynYl)-3 ' 5 '-di-O-p-toluovldeoxv- 

25 uridine. i ;rifluoroacetatQ salt (8); 

To 20 mL of 95% CF3CO2H/H2O (TFA/HjO) was 

added 3.09 g (5 mmol) of 1. After being stirred for 

10 min, the solvent was evaporated to dryness. 10 mL 

of ethyl acetate was then added, it was evaporated 

30 again, the product crystallized and was filtered and 

dried to give 2.56 g (81%) of fi./ mp 120*'C (dec). 

UV(MeOH) X 290(sh), 282, 236 nm (e 11900, 
max 1 

12400, 41200), X . 263 nm (e 9000). H NMR 
mm 

(90 MHz, dg-DMSO) S 2.39 (6H, s, CH3 , 2.5-2.6 
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(ffl, solvent plus Hg')/ 3.7 (nv, HjO impurity in 
solvent plus Hg), 4.6 <3H, H^' and Hg*), 5.6 
(IH, Hg'), 6.24 (IH, t, H^'), 7.34 (4H, 2d, 
J=8.1 Hz, tol and Hg) , 7.90 (4H, 2d, J-8.1 Hz, 
5 tol H3 and H^), 8.07 (IH, s, Hg) , 8.3 (3H, bs, 
NHg ■*")/ 11,80 (IH, s, ring NH) . ■'"^C NMR (75 
MHr, dg-DMSO) S 21.2 (CH^), 29.0 (C-9), 36.4 • 
(C-2'), 64.2 (C-5'), 74.4 (C-3 ' ) , 78.5 (C-S), 81.5 
(C-l*), 85.2 (C-7), 85,7 (C-4'), 97.6 (C-5), 126.4 

10 (tol C-l), 129.3, 129.5 (tol C-2,C-3, C-5 and C-6) , 
143,9 (C-6), 144.8 (tol C-4) , 149.3 (C-2) , 161.3 
(C-4), 165.2 (carboxyl), 165.6 (tol C=0). Anal. 
Calcd for C^QH^gOgNgF^ : C, 57*05; H, 4.47; 
N, 6.65; F, 902, Found: C, 57.12; H, 4.75; N, 6.42; 

15 F, 9.1. 

fi-tert-ButvloxyearbonYlamldohexanoie ^cid ; 
To 13.12 g (100 imnol) of 6-aminohexanoic acid in 
400 mL of dioxan at O'C was. added 100 mL of 1 M NaOH, 
and 24.01 g (110 nunol) of di-tert-butyl-pyro- 
20 carbonate. The resulting suspension was stirred at 
room temperature for 3 days, after which time it gave 
a negative ninhydrin test. The volume was then 
reduced under pressure to 100 mL, the mixture cooled 
to ©"C, covered with ethyl acetate, and acidified 
25 with 1 M KHSO^ to pH 2-3. The product was 
extracted with ethyl acetate (3 x 150 mL), the 
organic phase washed with (2 z 300 mL) , dried 
(Na2S0^) and evaporated to a thick syrup. This 
was recrystallized from ethyl acetate/ hexane, to 
30 give 20.40 g (88%), mp 39-41»C (lit"'-'* mp 39.5»C). 
p-Nitropfaenvl S-tert-butvloarycarbonyl- 
ajmjtdOhexanogtg (9>: 

To a solution of 2.31 g (10 mmol) of 
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6-tert-butyloxycarbonylamidohexanoic acid and 1.62 g 
(12 nimol) of £-nifcrophenoX in 30 mL of EtOAc at CC 
was added dropwise 2.06 g (10 minol) of 
dicyclohexycarbodiimide. This solution wa^s stirred 
5 at O'C for 0.5 h, and then at room temperature for 
3.5 h, filtered to remove the dicycloheacylurea* 
evaporated to dryness and the product recrystallized 
from 95% EtOH containing 1% acetic acid, to give 3.35 
g (95%) of 1, mp 119-120''C (lit""-^ mp 116. 5»C). 
10 s- Tn- ( 6-tert-ButvI oagynafhonvlnmidoheaianovl ) -3- 

PTn^Tin- prnp~i-vnyi n~3' .S'-di-o^-p-toluovldeoxymridine 

To a solution of 1.89 g (3 mmol) of JEL in 30 mL of 
dry DMF was added 443 jiL of DBU (3 iranol) and 1.16 g 

15 (3.3 mmol) of 1. After being stirred for 1 h, the 
mixture was evaporated under vacuum, the residue 
redissolved in 50 mL of CH2CI2 and 400 mL of 
ethyl acetate, washed with (2 x 300 mL) , brine 

(300 mL*), dried (Na2S0^), and evaporated to 

20 dryness. The solid was recrystallized from methanol 

to give 1.76 g (80%) of la, mp 192-194 -C. UV(MeOH) 

X 290 (Sh), 282, 237 nm (e 13800, 14400, 
max 1 
43000), X^^^ 262 nm (e 10300). H NMR 

(CDCI3, 100 MHz) 6-1.4-1.9 (15H, m with S at 1.43 

25 (BOC CH3) and H3", H^" and H5"), 2.16 (2H, 5, 

J-7.5 Hz, H2")/ 2.42 (6H, S, tol CH3), 2.75 (2H, 

m, H2'). 3.1 (2H, m, Hg"), 4.04 (2H, d,- J-5.Q Hz, 

Hg), 4.5-4.8 (4H, m, • , H^' and BOC NH) , 5.6 

(IH, m, Hg'), 6.31 (IH, dd, H^'), 7.27 (4H, d, 

30 j=8.2 Hz, tol H3 and H^), 7.84 (IH, s, Hg) , 

7.91 anca 7.93 (4H, 2d, J=8.2 Hz, tol H^^ and Hg), 

9.0 (IH, br s, ring NH) . "'•^C NMR (CDCI3, 75 MHz) 

$ 21.7 (tol CH3), 25.2 (C-4"), 26.4 (C-3"), 28.4 

(BOCGH3), 29.7 (C-5"), 30.0 (C-9), 36.1 (C-2"), 
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38.5 (C-2'), 40.4 <C-6"), 64.2 (C-5'), 74.0 (C-8), 
74.8 (C-3'), 79.8 (iKCH^)^) , 83.4 (C-1'), 86.0 
(C-4'), 89.9 (C-7), lOO-O (C-5)/ 126»2, 126.4 (to! 
C-1), 129.3, 129.5, 129.6 and 129.8 (tol CH) / 142.1 
5 (C-6), 144.8 (tol C-4), 149.1 (€-2), 156.1 (BOC C-0) , 
161.9 (C-4), 166,0, 166.2 (tol C«0>, 172.3 (C-l")- 
Anal. Calcd for CggH^gO^^QN^ : 64.10; H, 
6.34; N, 7.67. Found: C, 64.34; H, 6.32; N, 7.51. 
S- FM-< 6->tert-Bn1rg-loxycarbonYla'nidohexanoyI) -3- 
10 aminQ~prop-l-viivl> 1 -5 ' -O-dimathoxvirritvldeoxvTiridine 
(X2); 

The title compound was prepared from IQ. using the 
same method as that used to prepare ^ from ^. Yield 
1.20 g (75% from 111). UV(MeOH) X^^^^^^ 293 (sh) 283, 

15 233 nm (e 8500, 9000, 2450O), 257 nm (e 

2^900). The NMR spectrum of this compound was a 
composite of those resonances arising from the 
deoxyribose part of 5. and those from the heterocyclic 
base part of 2JL. '^^C NMR (CDCl^, 75 mhz) 6 

20 25.1 (C-4"), 26-4 .(C-3"), 28.4 (CiQK^)^, 29.7 

(C-5"), 30.0 (C-9), 35.9 (C-2"), 40,4 (C-6"), 41.7 
(C-2*), 55.3 (OCH3), 63.6 (C-5*), 72.2 (C-3 ' ) , 74.1 
(C-a), 79.2 (iKCHjOj), 86.0 (C-4'>/ 86.8 (C-l'), 
87.0 (trityl central C), 89.7 (C-7) , 99.5 (C-5), 

25 113.4 (methosyphenyl C-3 and C-5), 127.0, 127.9 and 
128.1 (phenyl CH) , 130.0 (raethoxyphenyl C-2 and C-6),' 
135.6 (raethoxyphenyl C-l), 143.1 (C-6), 144.6 (phenyl 
C-l), 149.4 (C-2), 156.0 (BOC C=0), 158.6 
(methoxyphenyl (C-4), 162.5 (C-4), 172.7 (C-l"). 

30 Anal. Calcd for ^^^^^2^10^4^ C, 66.32; H, 

6.58; N, 702. Found: C, 65,94; H, 6.52; N. 6,70. 
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s^rw^f 6-i:eri:--Butvloy y^arbQnvlainidohezanovl)-3- 
ami nn^pro p-l-vnyl ^ 1 -5 ' ^O -dlroQthoxvtritvl-3 ' , N-di- 
i.RnproP Yl-aminQrnei:hQXY Phosphiiivldeoxyuridine (11) : 

The preparation of XL was similar to that of If 
5 except that the reaction was allowed to proceed for 4 
h, and a further 30 niL of CR^Cl^ was added to the 
reaction mixture before the washes. The washed and 
dried solution was evaporated to dryness under 
vacuum, to give 903 mg (94% crude yield) of ll. 
10 NMR of this material showed a major peak at 

149.86 ppm, with minor peaks at 7.35, 13-06 and 18,25 
ppm. 

EXAMPLE 2: 

rnn plino of oho spho rami dites 7 and 11 to the 

15 «i'^hvdroxvl of an o ligf^nucleotide; . 

The methods used to add the modified nucleoside 
phosphoramidites to the 5 '-end of a fully protected, 
solid support bound oligonucleotide were 
standard^^. The fully protected resin-bound 

20 oligonucleotide was synthesized on the Applied 
Biosystems 380A DNA Synthesizer^ on a 1 i^male 
scale. The solid support was then transferred to. a 
manual reaction cell. This cell was similar to a 
miniature chromatography column/ 1 cm in diameter and 

25 3 cm long, with a B14 quick-fit top and a medium 

porosity sintered glass disc with a 3-way teflon tap 
at the bottom. Following detritylation (3% 
dichloroacetic acid/CHjClj) , the resin was washed 
thoroughly with dry CH^CN/ and left under argon. 
10 i^mole of the phosphoramidite and 40 ^irnole of 
tetrazole were then added, foUowed by 1 ml of dry 
CH^CN. The cell was shaken for 15 min, drained, 
and the phosphite triesters oxidized with 0.1 M 
iodine solution in the usual way, A trityl assay was 
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carried out on a small sample to quantify the extent 
of reaction. Following removal of the methyl 
protecting groups on phosphate (thiophenoxide ion^ 
2h), the resin was treated with 90% TFA/ethanedi thiol 
5 for 5 min, drained/ washed thoroughly with CHgCN, 
with a total of 20 mL at 20% Et2N/CH2Cl2i^ and 
then again with CH^CN and dxried. The 
oligonucleotide was then cleaved from the support 
with 35% aqueous NH^ (4 laL) , and the resulting 

10 solution kept at 55 overnight to remove the base 
protecting groups • Evaporation to dryness gave the 
product which was redissolved in H^O (3 mL.) ^ 

The oligonucleotides were purified by 
polyacryl amide gel electrophoresis. The product was 

15 the slowest moving major band, running at -^1-2 
nucleotides slower than the underivatiz.ed 
oligonucleotide* Typically, ]iL of the 

oligonucleotide solution was purified on a 10%, 1,5 
mm thick/ 20 cm long polyacryl amide gel (25 ]iL + 5 

20 formamide per 1 cm x 1 cm well) . The bands were 
visualized by UV shadowing/ using a fluorescent tic 
silica gel sheet as background. The product bands 
were cut out, eluted in HjO, dialysed, lyophilized, 
and redissolved in 150 iiL of H^O, 

25 EXAMPLE 3: 

Preparation of oiiaonucleotides containing 
jpteraal modified nypleotides: 

The nucleotide phosphoramidites 2 and ii were 
used on the Applied Biosystems DNA synthesizer to 

30 prepare oligonucleotides that had their thymidine 
• residues replaced fay one or the other of the modified 
nucleosides. The phosphoramidites were made to 
either 0.1 M (for 7) or 0.15 M (for 11) in dry 
acetonitrile. The syntheses were carried out on a 
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0.2 iiraole scale. The repetitive coupling yields 
were 99-100%. Following chain assembly/ the solid 
support was transferred to a manual reaction cell and 
then deprotected and cleaved from the solid support 
5 as in the case of the oligonucleotides containing the 
single 5' modified nucleoside. The final product was 
redissolved in 2 mL of H^O. 
EXMSFLE 4: 

Dve conjugation to the amino oliaonucleotia e: 

10 The following procedure was used for the 

conjugation of FITC to the purified oligonucleotide 
containing a single modified nucleoside at the 5* 
end. To a solution of 2 mg (5 iimol) of FITC in 20 
of DMF was added 180 iJiL of 0.1 M K2HP0^, 

15 pH 9.0, mixed/ and then 100 jjiL (-^30 nmol) of the 

amino oligonucleotide solution. The mixture was kept 
in the dark overnight/ and then applied to a 10 mL 
column of .Sephadex G-25 (medium) in 0.1 M ammonium 
acetate/ pH 9.0. 0.5 mL fractions were collected/ 

20 and the fluorescent material (detected by 

illuminating with a UV lamp) eluting in the excluded 
volume was collected. This was freeze dried, 
redissolved in 200 ]iL of 0.1 M ammonium acetate, pH 
9.0 buffer, and reapplied to another, similar column 

25 of Sephadex G-25. The fluorescent fractions were 
collected as before, pooled and the absorbances at 
260 and 495 nm read. From this ratio, the number of 
fluorescein residues per oligonucleotide molecule was 
determined using z^qq modified KPIB and 

30 HCAL (see results section for the nucleotide 

sequences of these oligonucleotides) of 3.2 x 10^ 

and 4.4 X 10 M""^ respectively, and c.^^ for 

4 -1 

fluorescein of 7 x 10 M . The product was then 
lyophilized/ and relyophilized twice from 
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For the conjugation of PITC to oligonucleotide 
with multiple internal amino groups a much larger 
excess of FITC was used. To a solution of 26 mg (63 
limole) of FITC in 100 ^L of DMF was added 100 
5 of 1^0 M KjHPO^ pH 9.0, mixed, and then 100 
yL {^IQ nmol) of the amino oligonucleotide. This 
was left to react overnight in the dark. It was 
purified as in the previous case, and the fluorescein 
loading determined, using ^260 modified 
10 KPIB and HCAL of 3.1 x 10^ and 4.3 x 10^ VT'^ 

respectively, and taking into account the absorbance 
of fluorescein at 260 nm, using e^^^ for 
fluorescein of 2 x 10 M • 
EXAMPLE 5: 

15 Hvbridigation with FITC-Iabelled oliaonucleo-^ 

tides : 

RNA dot blots with poly^adenylated RNA derived 

from mouse salivary glands were prepared as 

15 

prevxously described . The amount of RNA 
20 decreased by a factor of 3 on each successive dot, 
starting from an initial value of 1 jig. The 
nitrocellulose filters were prehybridized for 4 h at 
42*>C in a solution of SzSSC (0.75 M NaCl, 0.075 M 
sodium citrate), 50 mM sodium phosphate, pH 6.5, 
25 0.02% bovine serum albumin. Fraction V, 0.02% Ficoll, 
0.02% pol3rvinylpyrrolidone, 30 iig/ml denatured calf 
thumus DNA, 50% formamide. Hybridizations were 
performed under four different sets of conditions: 
high stringency, hybridization at 40®C for 24 h, and 
30 washing with 2zSSC at room temperature; intermediate 
stringency, as above but hybridizing at room 
temperature; low stringency, as above but 
hybridization mixture containing 10% formamide 
instead of 50%; and lowest stringency, .prehybridizing 
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at 4**C/ hybridizing at 4°C with no formamide present, 
for 5 days, and washing at room temperature with 
2xSSC, 

RESULTS 

5 Preoaratinn of C-5 substit uted nucleotides: 

The approach used for the preparation of the 
substituted deoxyuridines is shown in Figure 2. 
3\5' -di-O-p^toluoyl-5-iododeoxyuridine (1) , prepared 
from the commercially available 5-iododeoxyuridine/ 

10 was condensed with N-BOC-3-aniinopropyne, in the 
presence of catalytic amounts of bis(triphenyl- 
phosphine)palladium chloride and cuprous iodide. 
Robins and Barr have reported this coupling of 
terminal alkynes with 5-iodouracils and 

15 5-iododeoxyuridineS/ using alkynes with alkyl, either 

18 

or ester substituents . The reactions were 
carried out in triethylamine as the solvent / at 
50*^C. We tried a variety of conditions to maximise 
the yield of the product 2^, and minimize the yield of 

20 the major by-product/ a fluorescent nucleoside which, 
by analogy with the work of Robins and Barr, probably 
has the struction 3.. The conditions that we found to 
give the best yield of 2 were using ethyl acetate as 
solvent, with a five-fold molar excess of 

25 triethylamine over 1, and carrying out the reaction 
at room temperature, this gave a yield of 84%. The 
struction of the product was confirmed by and 
^^C NMR spectroscopy. This product is a key 
compound, from which a number of other derivatives 

30 can be obtained, 

The phosphoramidite 1 was prepared from 1 by a 
three step procedure, as shown in Figure 3- The 
3', 5* ester protecting groups of 2 were removed using 
potassium carbonate/methanol and the resulting 
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product 4. treated with dimettvoxytrityl chloride in 
pyridine to give The UV spectrum of ± also 
provided evidence for the structure of the 
nucleoside. The absorption maximum of the 
5 heterocyclic base shifted from 265 nm in thymidine^ 
to 290 nm in the nucleoside ^, with an accompanying 
increase in its intensity- This shift in the 
absorption, maximum is seen in all of the derivatives 
synthesized that contain this chromopho re. 

10 Treatment of the 5 ' -tritylated nucleoside 5. with 
a two-fold excess of the bis(dialkylamino)phopshine 

under catalytic conditions/ gave the 
phosphoramidite Z. This method of phosphor ami dite 
preparation is similar to that reported by Caruthers 

15 et al ''^^ for the preparation of phosphoramidites in 
situ . 
EXAMPLE 6 

Preparation of nucleosides with a longer linker 
arm on C-5: 

20 Even though 7 can be used to introduce internal 
primary aliphatic amino groups in an oligonucleotide ^ 
as will be described later in thiis reportj^ it was 
surmised from the outset that the short length of the 
linker arm between the heterocyclic base and the site 

25 of attachment of the label (the end amino group) 
might influence the hybridization properties of the 
oligonucleotides. This would be especially the case 
if fluorescent moieties weire to be attached since 
these tend to be large, planar molecules. A strategy 

30 was thus developed to introduce a longer linker arm 
on C-5* This is outlined in Figure 4. The key 
compound 2, had its amino group deprotected with 95% 
TFA/H^O, to give 5. in high yield. This was then 
allowed to react with the £.-aitrophenyl ester in 
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the presence of one equivalent of 1, 8-diazabicyclo- 
[5-4.0]undec-7-ene (DBU) , to give the adduct 1X1 in 
high yield. This product was converted into the 
phosphoramidite 11 in a similar manner to that 
5 described for 2.- 
EXAMPLE 7: 

Incorporai^ion of modified nucleosides on the 
f^'-.end of oli qnniiclQotidest 

Initially/ phosphor amidites i and 11 were tested 

10 by coupling them^ manually, to the 5 '-end of a 
preassembled oligonucleotide. Thus, the 30mer 
GGGCTTCACAACATCTGTGATGTCAGCAGG was assembled on an 
automated Applied Biosystems 380A DNA Synthesizer, 
and left on the resin, fully protected. This 

15 sequence is complementary to a region of the 
kallikrein mRNA that is common to all the 
kallikreins^^ and will be referred to as KPIB, The 
resin was transferred to a manual reaction cell. 
After detritylation of the last nucleoside, either 7 

20 or 11 was coupled, in the presence of tetrazole. The 
couplings were essentially quantitative, as assayed 
by the trityl test- After removal of the phosphate 
protecting groups with thiophenoxide ion, the resin 
was treated with 90% TFA:10% ethanedithiol for five 

25 minutes, in order to remove the BOC protecting 

group. The presence of ethanedithiol protected with 
oligonucleotide from degradation* Triethylamine was 
used to neutralize the newly formed amino group and 
the secondary phosphates, and the oligonucleotide was 

30 then treated in the normal way to cleave it from the 
resin and remove the base protecting groups. The 
oligonucleotides were purified by polyacrylamide gel 
electrophoresis, with the modified oligonucleotides- 
running one to two nucleotides slower than the normal 
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KPIB. 

Tnfeernal ingorporairion of modified micleosides 
in QliaQnucleofcides: 

Having established that the phosphor ami dites 2 
5 and jJL will couple as normal/ we proceeded to 

synthesize oligonucleotides . that incorporated these 
two modified nucleosides internally* The syntheses 
were carried out automatically on the Applied 
Biosystems DNA Synthesizer. Each of the 
10 phosphoramidites was used to synthesize two different 
oligonucleotides / one being KPIB/ and the other the 
4 Orae r AGGTGCTCCAACCCCAATTGCAGT.TTGGGGGAACGTGTGA 
(HCAL) . HCAL is complementary to part of the mRNA 

for human calcitonin and has been used to detect this 

1 

15 mRNA in tissue sections . The sequences were 
synthesized as shown, except that every thymidine 
residue was replaced with one of the modified 
nucleosides, the repetitive coupling yields were in 
the order of 99-^100%. Following chain assembly-/ the 

20 oligonucleotide was treated sequentially with 
thiophenoxide ion, 9p% TFA/ethanedithiol> cleaved 
from the solid support with concentrated ammonia 
solution and treated at 50*C for 15 hr to remove the 
base protecting groups. When an attempt was made to 

25 analyse this product by poly aery lamide gel 

electrophoresis, no material could be seen on the gel 
by the normal method of UV shadowing. It appears 
that the presence of the amino groups, which would be 
charged at the pH of the gel medium, changes the 

30 electrophoretic properties of the oligonucleotide. 
Consequently, it was used in the next step without 
further purification. The repetitive coupling yields 
however are high, so that only a small amount of 
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shorter sequences would be expected to be present in 

the product. 

EXAMPLE 8: 

Coupling of fluor ophores to the amino- 

5 oligonucleotides ; 

The procedure used for the attachment of amine 

reactive fluorophores to amino-oligonucleotides is 

basically the same as that which has been widely used 

to attach such molecules to the e-amino groups of 

17 

10 lysine residues in proteins • The procedure 

involves the reaction of the amino-oligonucleotide 
with the reactive fluorophore, at pH 9/ so that a 
significant portion of the aliphatic amino groups are 
not protonated* Smith efc al. used a similar 

15 procedure in coupling fluorophores to 

5'-aminothymidine containing oligonucleotides^. 
The labelling reaction mixture is put through a 
Sephadex G-25 column twice, to separate the excess 
unreacted dye from the oligonucleotide. The extent 

20 of labelling is subsequently determined by measuring 
the absorption of the product at 260 nm and at 495 
nm. With the oligonucleotides containing the 
nucleotide from 1 (short C-5 arm) at the 5^ -end, a 
single reaction using a 150 fold molar excess of FITC 

25 labelled 20% of the kallikrein oligonucleotide 

molecules and one third of the calcitonin ones* A 
second FITC coupling reaction on the same material 
increased the labelling to 67% and 83% respectively. 
This labelled material was also 5 '-end labelled with 

30 [X-^^p]ATP and subjected to electrophoresis. It 
showed a single radioactive band/ at the expected 
position (data not shown) . 

The oligonucleotides containing the multiple 
internal primary aliphatic amino groups, and thus 
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multiple poteatial sites of label incorporation were 
also subjected to the FITC coupling reaction. 
Firstly, the oligonucleotides containing the. short 
C-5 arm are labelled* The kallikrein probe, 
5 containing seven potential sites of label 

incorporation/ contained a single fluorescein per 
oligonucleotide molecule when the same labelling 
reaction as before was used, and the calcitonin 
probe, containing nine potential sites, contained 1,5 

10 molecules of labels When the procedure was changed 
to using a much larger excess of FTTC (900 fold), the 
level of incorporation was increased to 4.1 for KPIB 
and 7.2 for HCftL. These figures were calculated 
taking into account the absorbance of fluorescein at 

15 260 nm, since this becomes significant when a number 
of fluorophores are attached to the oligonucleotide 
molecule. Repeating the reaction did not have any 
significant effect on the extent of labelling. In a 
test reaction, when normal KPIB was subjected to the 

20 labelling reaction with the large excess of FiTC, it 
was found that a background level of labelling of 1 
in 110 nucleotides was obtained. This compared with 
15 per 110 nucleotides for the corresponding amino- 
oligonucleotides, 

25 When the kallikrein oligonucleotide containing 
the nucleotide from IX (long C-5 arm) at the 5 '-end 
was labelled with a 900 fold excess of FITC, a single 
reaction gave complete incorporation of the label. 
This fluorescent product was also radioactively 

30 labelled at the 5 '-end, and it gave a single band 
upon gel electrophoresis, at the expected position 
(data not shown) ... 

When the oligonucleotides containing the multiple 
internal nucleotide substitutions carrying the long 
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C-5 arm were subjected to the FITC coupling reaction, 
as before (large excess of FITC), the level of 
incorporation of label was 2*7 for KPIB and 5.2 for 
HCAL. These multi-labelled probes were also 5 •-end 
5 labelled with (X-"^^?) ATP. Purification of the 
product mixture from the reaction on Sephadex G-25 
gave a radioactive high molecular weight peak; 
however, on gel electrophoresis no radioactive band 
was seen. 
10 EXAMPLE 9: 

Hvbridizafcion with fche labe lled oliaonuGleo- 

The kallikrein oligonucleotides were tested for 

their ability to hybridize to mouse salivary gland 

15 poly{A)'^ mRNA, which is rich in kallikrein 

message"**^. Poly<A)'^ mRNA was spotted on • 

nitrocellulose filters, at varying concentrations, 

from 1 ug/per dot downwards. The fluorescent 

32 

oligonucleotides were then 5 '-end P labelled m 
20 the normal way and were used to probe the 

nitrocellulose filters. When the fluorescent 
oligonucleotides containing the short linker arm were 
used to probe the nitrocellulose filters, at high 
stringency, no signal was seen. However, when the 
25 conditions of intermediate stringency were used, the 
5 '-singly labelled probe gave a signal equal in 
intensity to that given by the normal unmodified 
probe (Figure 5), whereas the multi-labelled probe 
still did not give any appreciable signal. When 
30 hybridizing under conditions of low and lowest 

stringency with the multi-labelled probe, the signal 
was ten times and three times less intense than that 
of the normal probe respectively. 

These results also show that it is not a 
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contaminating small amount of normal probe that is 
given rise to the hybridization signal, but the 
fluorescent ly labelled probe itself, otherwise a 
signal would be seen with the more stringent 

5 hybridization conditions as well. 

When the fluorescent oligonucleotides containing 
the C-5 arm were hybridized, the singly labelled 
probe hybridized as well as the normal probe, under 
the high stringency conditions (Figure S) . The 

0 multiply labelled probe, under these same conditions, 
gave a signal that was approximately three times 
weaker. 

The specificity of hydridization of the 
fluorescently labelled oligonucleotides was also 
5 checked. Figure 7 shows the results- of hybridization 
under conditions of intermediate stringency, of the 
two singly labelled (short and long arms) kallikrein 
oligonucleotides with liver mRNA and tRNA as compared 
to salivary gland mRNA. No visible signal is seen in 
the case of the non-kallikrein RNA containing nucleic 
acids indicating that the hybridization is specific 
to the kallikrein mRNA containing species. 
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CLAIMS : 



1. A nucleoside derivative of the formula (I): 



characterized in that; 

Y is H or OH or a protected hydroxy group; 
X is H, a phosphonate group or a 

phosphor ami dite group of the formula 



P — N 

' \ 2 
OQ ^R^ 

1 2 

where R and B are the same or 
different/ and are selected from alkyl 
and substituted alkyl, which may be 
branched or unbranched; and Q is a 
phosphate protecting group; 

Z is H a phosphate or triphosphate group 
or a hydroxy protecting group; 

X* is a Cj^_j^5 alkyl group which may be 
branched or unbranched; 

R is an amino protecting group or a 

fluorophore, or other non-radioactive 
detectable marker; or the group Y'NHA, 
where Y* is an alkyl (^i_^q) carbonyl 
group which may be branched or 
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unbranched, and A is an amino protecting, 
group or a fluorophore or other 
non-radioactive detectable marker • 

2. A nucleoside derivative as claimed in claim 

1 2 

1, Characterized in that R and R are both 
isopropyl groups. 

3. A nucleoside derivative as claimed in claim 1 
or claim 2, characterized in that X' is methylene 
and R is C0(CH2)jjA, where A is as defined in 

claim 1 and n is 1 to 15. 

4. A nucleoside derivative as claimed in claim 
3, characterized in that n is 5. 

5. A nucleoside derivative as claimed in claim 
1/ characterized in that: 

Y is H or OH or a protected hydcoxy group; 

X is P-N(CH^(CH3)2)2 
OCH3 

Z is dimethoaytrityl; 
X' is CH2; and 

R is CH2CO(CH2)5NHA, where A is as 
defined in claim 1. 

6. A nucleoside derivative as claimed in claim 
1/ characterized in that: 

Y is H, OH or a protected hydroxy group; 
X is H; 

Z is triphosphate; 
X' is CH2; and 

R is CO(GH2)5NHA^ where A is as 
defined in claim Ir 
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7. A nucleoside derivative as claimed in any 
one of claims 1 to 6/ characterized in that Q is 
selected from methyl, phenyl, substituted phenyl, 
benzyl/ and cyanoethyl groups. 

8. A nucleoside derivative as claimed in any one 
of claims 1 to 1 , characterized in that the 
non-radioactive detectable marker is selected from 
biotin. avidin, colloidal gold or silver and ferritin. 

9. A nucleoside derivative as claimed in any one 
of claims 1 to 7^ characterized in that the 
non-radioactive detectable marker is an enzyme, 

10. A nucleoside derivative as claimed in claim 
9/ characterized in that the enzyme is 
p-galactosidase/ urease, peroxidase or alkaline 
phosphatase. 

11. A nucleoside derivative as claimed in any 
one of claims 1 to 7, characterized in that the 
fluorophore is fluorescein. 

12. A nucleoside derivative as claimed in any 
one of claims 1 to 1 , characterised in that the 
fluorophore is a fluorophore precursor which contains 
one or more groups which suppress fluoresence, but 
which is capable of fluoresence once these groups are 
removed. 

13. A nucleoside derivative as claimed in claim 
12/ characterizd in that it has the formula: 
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14. A method for the preparation of a nucleoside 
derivative of the formula (I) as stated and defined 
in claim 1, characterized in that it comprises 
reacting a S-iodouridine or 5-iododeoxyuridine of the 
formula (II) : 




(II) 



wherein X and Z are as defined in claim 1; 
with an aminoalkyne having the formula H-C=CX*NR, 
where X' and R are as defined in claim 1, in the 
presence of a palladium catalyst, 

15. A polynucleotide, characterized in that it 
contains one or more nucleotide units of the formula. 
(Ill) 
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(III) 



wherein X'/ Y and R are as defined in claim !♦ 

16, A method for the synthesis of a 
polynucleotide as claimed in claim 15 ^ wherein 
individual nucleotides or groups of nucleotides are 
sequentially attached to a growing nucleotide chain. 
Characterized in that at least one of the nucleotides 
is a nucleoside derivative of the formula (I) as 
defined in claim 1, 

17. A method as claimed in claim 16 which 
comprises reacting together; 

(a) a first polynucleotide; 

(b) a second polynucleotide which hybridises to 
a portion of the first polynucleotide; 

(c) one or more nucleotide triphosphates; 
<d) a DNA polymerase or RNA polymerase; 
whereby a polynucleotide is synthesised from the 

3' end of said second polynucleotide, characterised 
in that at least one of said nucleotide triphosphates 
is a nucleoside derivative of the formula (I) as 
defined in claim 1, wherein Z is triphosphate and X 
is hydrogen. 



12/02/2003, EAST Version: 1.4.1 



wo 88/10264 



PCr/AU88/00207 



- 48 - 

18. A method clainiecl ia claim 16, which 
comprises sequentially coupling nucleotides together 
through their respective 5' and 3' ends, 
characterised in that at least one of said 
nucleotides is a nucleoside derivative of the formula 
(I) as defined in claim 1, vrherein X is selected from 
phosphonate or a group of the formula 

X 

P N 

1 2 

vfherein R / R and Q are as defined in claim 1. 

19 • A method for sequencing DNA which, comprises 
the steps o£; 

<a) providing a first reaction mixture 
comprising: 

(i) . a polydeoxynucleotide; 

(ii) a polydeoxynucleotide primer capable of 
hybridizing to part of the polydeoxynucleotide (i); 

(iii) dATP, dGTP, dCTP, dTTP; 
<iv) ddATP; 

(v) a DNA polymerase or the Klenow fragment of DNA 
polymerase; 

(b) providing a second reaction mixture which is 
the same as said first reaction mixture^ except that 
the ddATP is replaced with ddGTP; 

(c) providing a third reaction mixture which is 
the same as the said fiirst reaction mixture, except 
that ddATP is replaced with ddCTP; 

(d) providing a fourth reaction mixture which is 
the same as the said first reaction mixture except 
that the ddATP is replaced with ddTTP; 

(e) separately incubating the said reaction 
mixtures to extend in each case the 
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polydeoxynucleotide primer from its 3* end to produce 
polydeoxynucleotides of different lengths, the number 
of nucleotides in each thereby newly synthesised 
polynucleotide being determined by the incorporation 
of a dideoxynucleotide into the growing chain; 

(f) fractionating reaction mixtures (a) to (d) 
by passage through a gel matrix; 

characterized in that: 

the polydeoxynucleotide primer (ii) is a 
polydeoxynucleotide as defined in claim 13 wherein R 
or A is a fluorophore, or other non-radioactive 
detectable marker, and/or each said reaction mixture 
contains a nucleoside derivative of the formula (I) 
as defined in claim 1, wherein Z is triphosphate X is 
hydrogen/ and R or A is a fluorophore/ or other 
non-radioactive detectable marker; whereby the 
fluorophore, or other non-radioactive detectable 
marker, is incorporated into each newly synthesized 
polydeoxynucleotide; 

and that the relative positions of the newly 
synthesized polydeoxynucleotides separated on the gel 
matrix are identified by detection of the 
fluorophore, or other non-radioactive detectable 
marker, carried by the newly synthesized 
polydeoxynucleotide/ thus allowing the DNA sequence 
of the first polynucleotide to be elucidated. 

20 • A method as claimed in claim 19, wherein 
each newly synthesized polydeoxynucleotide contains 
at least one fluorophore which is detected by 
f luoresence induced by irradiation with a light 
source » 
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21. A method as claimed in claim 19 or 20, 
characterized in that each of reaction mixtures (a) 
to (d) contains a different fluorophore having 
different emission maxima, or a different 
non- radio active detectable marker. 
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